Does the presence of scrapie affect the ability of current statutory discriminatory tests to detect the presence of BSE? by Simmons, M.M. et al.
Simmons, M.M. and Chaplin, M.J. and Vickery, C.M. and 
Simon, S. and Davis, L. and Denyer, M. and Lockey, R. 
and Stack, M.J. and O'Connor, M.J. and Bishop, Keith 
and Gough, Kevin C. and Maddison, Ben C. and 
Thorne, L. and Spiropoulos, J. (2015) Does the 
presence of scrapie affect the ability of current statutory 
discriminatory tests to detect the presence of BSE? 
Journal of Clinical Microbiology, 53 (8). pp. 2593-2604. 
ISSN 0095-1137 




Copyright and reuse: 
The Nottingham ePrints service makes this work by researchers of the University of 
Nottingham available open access under the following conditions.
· Copyright and all moral rights to the version of the paper presented here belong to 
the individual author(s) and/or other copyright owners.
· To the extent reasonable and practicable the material made available in Nottingham 
ePrints has been checked for eligibility before being made available.
· Copies of full items can be used for personal research or study, educational, or not-
for-profit purposes without prior permission or charge provided that the authors, title 
and full bibliographic details are credited, a hyperlink and/or URL is given for the 
original metadata page and the content is not changed in any way.
· Quotations or similar reproductions must be sufficiently acknowledged.
Please see our full end user licence at: 
http://eprints.nottingham.ac.uk/end_user_agreement.pdf 
A note on versions: 
The version presented here may differ from the published version or from the version of 
record. If you wish to cite this item you are advised to consult the publisher’s version. Please 
see the repository url above for details on accessing the published version and note that 
access may require a subscription.


























JCM Accepted Manuscript Posted Online 3 June 2015
J. Clin. Microbiol. doi:10.1128/JCM.00508-15





7KH SUHVHQW (& VXUYHLOODQFH UHJXODWLRQV UHTXLUH GLVFULPLQDWRU\ WHVWLQJ RI DOO
WUDQVPLVVLEOH VSRQJLIRUP HQFHSKDORSDWK\ 76( SRVLWLYH VPDOO UXPLQDQW
VDPSOHVLQRUGHUWRFODVVLI\WKHPDV%6(RUQRQ%6(7KLVUHTXLUHVDUDQJH
RIWHVWVLQFOXGLQJFKDUDFWHULVDWLRQE\ELRDVVD\LQPRXVHPRGHOV6LQFH
QDWXUDOO\RFFXUULQJ %6( KDV EHHQ LGHQWLILHG LQ WZR JRDWV ,W KDV DOVR EHHQ
GHPRQVWUDWHG WKDW PRUH WKDQ RQH GLVWLQFW 76( VWUDLQ FDQ FRLQIHFW D VLQJOH
DQLPDOLQQDWXUDOILHOGVLWXDWLRQV
7KLV VWXG\ DVVHVVHV WKH DELOLW\ RI WKH VWDWXWRU\ PHWKRGV DV OLVWHG LQ WKH
UHJXODWLRQWRLGHQWLI\%6(LQDEOLQGHGVHULHVRIEUDLQVDPSOHVLQZKLFKRYLQH
%6(DQGGLVWLQFW LVRODWHVRIVFUDSLHDUHPL[HG LQYDU\LQJUDWLRV IURPWR
$GGLWLRQDOO\ WKHVHFXUUHQWVWDWXWRU\ WHVWVZHUHFRPSDUHGZLWK WKDWRID
QHZLQYLWURGLVFULPLQDWRU\PHWKRGZKLFKXVHVVHULDOSURWHLQPLVIROGLQJF\FOLF
DPSOLILFDWLRQV30&$
:HVWHUQ EORWWLQJ FRQVLVWHQWO\ GHWHFWHG  %6( ZLWKLQ D PL[WXUH EXW DW





:KLOH ELRDVVD\ LV WKH RQO\ YDOLGDWHG PHWKRG WKDW DOORZV FRPSUHKHQVLYH
SKHQRW\SLF FKDUDFWHULVDWLRQ RI DQ XQNQRZQ 76( LVRODWH V30&$ DVVD\









7KH WUDQVPLVVLEOH VSRQJLIRUP HQFHSKDORSDWKLHV 76(¶V DUH IDWDO
QHXURGHJHQHUDWLYHGLVHDVHVRIDQLPDOVRIZKLFKVFUDSLHLQVPDOOUXPLQDQWVLV
WKHDUFKHW\SHDQGKDVEHHQUHFRJQLVHGDVDGLVHDVHLQVKHHSDQGJRDWVIRU
DOPRVW  \HDUV DOWKRXJK PDQ\ DVSHFWV RI WKH GLVHDVH DUH VWLOO SRRUO\
XQGHUVWRRG'HVSLWHWKHUHODWLYHXQLIRUPLW\RIWKHFOLQLFDOVLJQVVFUDSLHFDQEH
FDXVHG E\ µVWUDLQV¶ ZLWK GLIIHULQJ ELRORJLFDO DQG ELRFKHPLFDO IHDWXUHV >@
3RO\PRUSKLVPVLQWKHKRVWPRNPJHQHZKLFKHQFRGHVIRUWKHFHOOXODUSURWHLQ
3U3& DOVR LQIOXHQFH VFUDSLH VXVFHSWLELOLW\ VWUDLQ VHOHFWLRQ DQG WKH XOWLPDWH
GLVHDVHSKHQRW\SHGLVSOD\HGE\WKHKRVW>@+LVWRULFDOO\WKHGLYHUVLW\RIWKH
VFUDSLH DJHQW KDV EHHQ GHPRQVWUDWHG E\ WKH VHULDO SDVVDJLQJ RI QDWXUDO




,Q  WKH GHILQLWLRQ RI RYLQH 76(V ZDV H[WHQGHG E\ WKH GLVFRYHU\ LQ
1RUZD\ RI DQ H[SHULPHQWDOO\ WUDQVPLVVLEOH QHXURORJLFDO GLVHDVH RI VKHHS









([SHULPHQWDO VWXGLHV LQ IRRG DQLPDO VSHFLHV VKRZHG WKH SRWHQWLDO
WUDQVPLVVLELOLW\RI%6(WRDUDQJHRIDOWHUQDWLYHKRVWV>@DQGLWEHFDPHFOHDU
WKDW WKHVPDOO UXPLQDQWSRSXODWLRQKDGEHHQSRWHQWLDOO\H[SRVHG WR LQIHFWLRQ
E\ GLVVHPLQDWLRQ WKURXJK FRQFHQWUDWH IHHG ZKLFK PD\ KDYH FRQWDLQHG




>@ ,Q DGGLWLRQ WKH ELRORJLFDO SURSHUWLHV RI WKH UHVXOWLQJ RYLQH %6( LQ
ODERUDWRU\PRGHOVLQGLFDWHDSRWHQWLDOO\HQKDQFHGYLUXOHQFHIRURWKHUVSHFLHV
LQFOXGLQJPDQ>@
$OWKRXJK RYLQH %6( KDV QRW \HW EHHQ LGHQWLILHG LQ WKH ILHOG WZR QDWXUDOO\
RFFXUULQJ FDVHV RI FDSULQH %6( KDYH EHHQ UHSRUWHG >@ $V D
FRQVHTXHQFH RI WKLV SRWHQWLDO ULVN RI %6( LQ WKH VPDOO UXPLQDQW 65




QDWXUDOO\RFFXUULQJ VFUDSLH ZKLFK LV HQGHPLF LQ PDQ\ VKHHS SRSXODWLRQV
+RZHYHU WKHUHDUHVRPHVXEWOHGLIIHUHQFHV LQ WKHELRFKHPLFDOVLJQDWXUHVRI
WKHVH GLVHDVHV 7KH GLVHDVHVSHFLILF LVRIRUP 3U36F RI WKH QRUPDO KRVW
SURWHLQ 3U3& LV WKH WDUJHW IRU DOO FXUUHQW 76( ELRFKHPLFDO GLDJQRVWLF WHVWV
'HSHQGLQJ RQ WKH 76( LVRODWH HJ %6( RU RQH RI WKH YDULRXV IRUPV RI




E\ FRPSDULQJ WKH UHODWLYH ELQGLQJ RI DQWLERGLHV DJDLQVW YDULRXV HSLWRSHV
DURXQG WKHVH 3. FOHDYDJH VLWHV IRUP WKH EDVLV RI WKH GLVFULPLQDWRU\ WHVWV
FXUUHQWO\ OLVWHG LQ WKH UHJXODWLRQV ZKLFK XVH HLWKHU LPPXQRKLVWRFKHPLVWU\
,+&>@:HVWHUQEORW:%>@RU(/,6$>@IRUPDWV
,Q WKHDEVHQFHRI LGHQWLILHGQDWXUDOO\RFFXUULQJRYLQH%6( WKHGHYHORSPHQW
DQGHYDOXDWLRQRIWKHGLVFULPLQDWRU\WHVWVZKLFKIRUPWKHEDVLVRIWKHFXUUHQW
(8 VWDWXWRU\ UHTXLUHPHQWV ZDV EDVHG RQ SDQHOV RI VDPSOHV FRPSULVLQJ
QDWXUDOO\RFFXUULQJ FODVVLFDO VFUDSLH H[SHULPHQWDOO\ LQGXFHG RYLQH %6( DQG
ERYLQH%6(DOO RIZKLFKZHUHGHPRQVWUDWHG WREH UHDGLO\GLVWLQJXLVKDEOHE\
WKHVHWHVWV>@
7KHRQO\H[SHULPHQWDOVWXG\WKDWKDVEHHQXQGHUWDNHQ>@VXJJHVWVWKDWWKH
SLFWXUHZLWKFRLQIHFWLRQ LQVKHHS LVFRPSOLFDWHG WKH:%DQG ,+&GDWD IURP
FHQWUDOQHUYRXVV\VWHP&16WLVVXHVUHVHPEOHFODVVLFDOVFUDSLHZKLOHLQWKH






EHLQJ GHWHFWDEOH RQ LQLWLDO VFUHHQLQJ ZLWK :% DQG ,+& >@ 7KHVH WZR
WUDQVJHQLF PRXVH OLQHV XVHG LQ FRPELQDWLRQ DUH ZLGHO\ DFFHSWHG WR EH D
UREXVWDSSURDFKWRELRORJLFDOGLVFULPLQDWLRQEHFDXVHWKHRYLQLVHGOLQHZRXOG
SUHIHUHQWLDOO\ SURSDJDWH VFUDSLH LVRODWHV DQG WKH ERYLQLVHG OLQH ZRXOG
SUHIHUHQWLDOO\ SURSDJDWH %6( 7KH\ DUH HQGRUVHG E\ WKH (8 5HIHUHQFH
/DERUDWRU\6WUDLQ7\SLQJ*URXS LQ WKHJXLGDQFHGRFXPHQW IRUGLVFULPLQDWRU\

3DJHRI
WHVWLQJ LQ WKH FRQWH[W RI (8 UHJXODWLRQ  KWWSZZZWVHODE
QHWHXGRFXPHQWVWVHRLHUOKDQGERRNSGI
$OWKRXJKQRWDZLGHO\UHSRUWHGRFFXUUHQFHWKHUHLVHYLGHQFHWKDWDQLPDOVFDQ




DSSOLHV WR D OHVVHU H[WHQW WR ELRDVVD\ PRGHOV XVLQJ ZLOGW\SH PLFH >@
DOWKRXJK WUDQVJHQLF PRGHOV RIIHU JUHDWHU SRWHQWLDO WKURXJK GLIIHULQJ VWUDLQ
VXVFHSWLELOLW\>@
$Q\in vitroPL[LQJVWXG\FDQQRWUHSOLFDWHDQDWXUDOKRVWFRLQIHFWLRQVLWXDWLRQ
DQG UHVXOWV PXVW QRW EH H[WUDSRODWHG LQ WKDW ZD\ +RZHYHU D SUHOLPLQDU\
HVWLPDWH RI KRZ WHVWV might SHUIRUP FDQ EH VRXJKW WKURXJK WKH WHVWLQJ RI
VFUDSLHVDPSOHVµVSLNHG¶ZLWK%6(DQGvice versa(YHQWKLVin vitroDSSURDFK
FDQQRW FRYHU DOO WKH SRWHQWLDO YDULDEOHV UHODWLQJ WR WKH VFUDSLH LVRODWHV IURP
GRQRUVDQGLVVXHVVXFKDVWKHWLPLQJDQGURXWHRI LQIHFWLRQHJWHPSRUDOO\
VHSDUDWHG RU QRW VDPH URXWH RU QRW FRPSDWLELOLW\ RI GRQRU DQG UHFLSLHQW
JHQRW\SHVDJHDWFKDOOHQJHHWFZLWKRXWEHFRPLQJXQZRUNDEO\FRPSOLFDWHG
VRWKHVWXG\UHSRUWHGKHUHPXVWEHYLHZHGLQWKLVFRQWH[W
5HFHQWO\ D QHZ in vitro PHWKRG KDV EHHQ GHYHORSHG >@ WKDW H[SORLWV WKH
GLIIHUHQWLDO DPSOLILFDWLRQ RI 3U36F IURP %6( DQG FODVVLFDO VFUDSLH VRXUFHV LQ
GLIIHUHQW VXEVWUDWHV XVLQJ VHULDO SURWHLQ PLVIROGLQJ F\FOLF DPSOLILFDWLRQ
V30&$ ZLWK UHWHQWLRQ RI VWUDLQVSHFLILF ELRFKHPLFDO FKDUDFWHULVWLFV
$OWKRXJK SUHVHQWO\ V30&$ LV QRW D VWDWXWRU\ WHVW LW ZDV LQFOXGHG
UHWURVSHFWLYHO\ LQ WKLV EOLQGHG DVVHVVPHQW WR HQDEOH D SUHOLPLQDU\ GLUHFW

3DJHRI






RFFXUULQJ VFUDSLH LVRODWHV ZKLFK KDG EHHQ FKDUDFWHULVHG SDWKRORJLFDOO\
ELRFKHPLFDOO\ DQG ELRORJLFDOO\ ZHUH VRXUFHG VHH 7DEOH  IRU GHWDLOV DQG





(VWLPDWLRQV RI WKH 3U3UHV WKH SURWHLQDVH . 3. UHVLVWDQW PRLHW\ RI 3U36F
ZKLFK LV XVXDOO\ GHWHFWHG E\ ELRFKHPLFDO WHVWV VXFK DV :HVWHUQ EORW DQG
(/,6$SUHVHQWLQHDFKµQHDW¶VDPSOHZHUHREWDLQHGVRWKDWHVWLPDWHVRIWKH
UHODWLYHSURSRUWLRQVRI3U3UHVFRQWULEXWHGE\WKHWZRFRPSRQHQWVRIWKHPL[WXUH
FRXOG EH FDOFXODWHG UHWURVSHFWLYHO\ EXW WKLV GLG QRW DIIHFW WKH FKRLFH RI
PDWHULDO VLQFH NQRZQ ELRORJLFDO SKHQRW\SH FULWHULD LH GLVWLQFW ELRDVVD\
FKDUDFWHULVWLFVZHUHFRQVLGHUHGPRUHUHOHYDQWIRUWKLVVWXG\
7KH VDPSOH SDQHOV ZHUH SURYLGHG µEOLQGHG¶ WR WHDPV LQ WKH $3+$ IRU





SURYLGHG WR $'$68QLYHUVLW\ RI 1RWWLQJKDP IRU V30&$ DQDO\VLV DQG ZHUH
VLPLODUO\LQWHUSUHWHGEHIRUHGHFRGLQJ
$OOWKHQHDWVRXUFHVXVHGWRSUHSDUHWKHSDQHOZHUHVHOHFWHGIRUELRDVVD\LQ
WUDQVJHQLF PLFH WRJHWKHU ZLWK WKH PL[WXUH ZLWK WKH KLJKHVW XQGHWHFWDEOH





Discriminatory Western blot 
7KHVDPSOHVZHUHVXEMHFWHGWRGLVFULPLQDWRU\:HVWHUQLPPXQREORWWLQJXVLQJ
WKH $3+$ %LR5DG+\EULG :HVWHUQEORW PHWKRGDVGHVFULEHG LQGHWDLO LQ WKH
(8GLVFULPLQDWRU\WHVWLQJKDQGERRNKWWSZZZWVHODEQHWHXGRFXPHQWVWVH
RLHUOKDQGERRNSGI 76( VWUDLQV FDQ EH FKDUDFWHULVHG DV µFODVVLFDO¶ RU
µDW\SLFDO¶ EDVHG RQ WKH SURILOH RI WKH SURWHLQ EDQGV GHWHFWHG E\ GLIIHUHQW
DQWLERGLHVIROORZLQJ:HVWHUQLPPXQREORWWLQJ:LWKLQWKLVVWXG\WKH3U3IRUPV
LQ WKHVDPSOHSDQHO WHVWHGRULJLQDWHGIURPHLWKHUFODVVLFDOVFUDSLH FODVVLFDO
RYLQH%6(RUDW\SLFDOVFUDSLH
&ODVVLFDO IRUPVRI76(W\SLFDOO\SUHVHQWZLWKDEDQGSURILOHFRQVLVWLQJRID
GLJO\FRV\ODWHG WRS PRQRJO\FRV\ODWHG PLGGOH DQG GLJO\FRV\ODWHG ERWWRP
SDWWHUQDQGDKLJKPROHFXODUPDVVPLJUDWLRQRIWKHXQJO\FRV\ODWHG3U3EDQG
ZLWK WKHFRUHDQWLERG\ 6+$DQGDVLPLODURUVWURQJHU LQWHQVLW\RIRYHUDOO






VFUDSLH W\SLFDOO\ SUHVHQWV ZLWK D IRXU EDQG SURILOH ZKHUH DOO EDQGV JLYH D
GLVWLQFWLYHGRZQZDUGVKLIWZLWKWKHORZHVWEDQGDWN'RUORZHU

7KH UHVXOWLQJ EDQG SURILOH IRU HDFK VDPSOH ZDV YLVXDOO\ DVVHVVHG DQG
FDWHJRULVHGEDVHGRQWKHDERYHFULWHULD)LJXUH7KHLQLWLDO:%UHVXOWVZHUH










UHVLVWDQW QRUPDOLVHG UDWLR LQIHULRU WR  DQ XQXVXDO VFUDSLH VDPSOH
SUHYLRXVO\ UHSRUWHG >@ WR JLYH DQ µLQWHUPHGLDWH¶ UHVXOW 3. UHVLVWDQW
QRUPDOLVHG UDWLR FRPSULVHGEHWZHHQDQGDQGDQH[SHULPHQWDO%6(
VDPSOH 3. VHQVLWLYH QRUPDOLVHG UDWLR FRPSULVHG EHWZHHQ  DQG 
$FFRUGLQJWRWKHVHYDOXHVWKHEOLQGHGVDPSOHVZHUHFDWHJRULVHGDVµVFUDSLH¶







%6( DQG VFUDSLH ZHUH SHOOHWHG RXW E\ KLJKVSHHG FHQWULIXJDWLRQ DQG UH
KRPRJHQLVHGLQ%LR5DG7H(V((/,6$NLWSURSULHWDU\EXIIHUWRJLYHZY
DV VSHFLILHG LQ WKH NLW LQVWUXFWLRQV $ GLOXWLRQ VHULHV RI HDFK LVRODWH ZDV
SUHSDUHGDQGVDPSOHVZHUHDQDO\VHGLQDFFRUGDQFHZLWKWKHPDQXIDFWXUHU¶V
LQVWUXFWLRQV 7KH HQG SRLQW GLOXWLRQ DVVD\V ZHUH XVHG WR JHQHUDWH 3U3UHV





LQ DFFRUGDQFH ZLWK WKH 8QLWHG .LQJGRP 8. $QLPDO 6FLHQWLILF3URFHGXUHV
$FW  XQGHU /LFHQFH IURP WKH 8. *RYHUQPHQW +RPH 2IILFH 3URMHFW
OLFHQFHQXPEHU6XFK OLFHQFHVDUHRQO\JUDQWHG IROORZLQJDSSURYDO
E\WKHLQWHUQDO$3+$HWKLFDOUHYLHZSURFHVVDVPDQGDWHGE\WKH+RPH2IILFH
(DFK LQRFXOXP  ZY EUDLQ KRPRJHQDWH LQ QRUPDO VDOLQH ZDV XVHG WR
FKDOOHQJHWJDQGWJPLFHLQWUDFHUHEUDOO\OSHUPRXVH7KH
PLFHZHUHDOORZHG WRGHYHORS76(GLVHDVHDQGZHUHHXWKDQL]HGZKHQ WKH\
UHDFKHG WHUPLQDO GLVHDVH VWDJH RU GXH WR RWKHU ZHOIDUH UHDVRQV $W SRVW
PRUWHP HDFK EUDLQ ZDV VHFWLRQHG SDUDVDJLWDOO\  ZDV IL[HG DQG
VXEVHTXHQWO\ SURFHVVHG IRU KLVWRORJ\ DQG LPPXQRKLVWRFKHPLVWU\ ZKLOVW WKH
UHPDLQLQJZDVNHSWIUR]HQ
$OO VDPSOHV ZHUH H[DPLQHG IRU WKH SUHVHQFH RI 76( VSHFLILF YDFXRODWLRQ LQ










HOVHZKHUH >@ XVHV ILYH V30&$ URXQGV ZLWK $+4$+4 DQG 954954
VKHHSEUDLQKRPRJHQDWHVDV WKHVXEVWUDWHVEHLQJXVHG LQDOWHUQDWH URXQGV
IROORZHG E\ 3. GLJHVWLRQ DQG YLVXDOLVDWLRQ LQ :% XVLQJ WKH PRQRFORQDO
DQWLERG\P$E6+D7KLVPHWKRGVHOHFWVIRUWKHDPSOLILFDWLRQRI%6(EXW
QRWVFUDSLH









Estimated PrPres concentration in the brains of the sources that contributed to 
the mixtures 

7KH3U3UHV FRQFHQWUDWLRQ LQ WKHEUDLQVRI WKHVRXUFHV WKDW FRQWULEXWHG WR WKH
PL[WXUHV LVVKRZQ LQ7DEOH7KHUHZDV OHVV WKDQ ORJGLIIHUHQFHEHWZHHQ
WKHFRQFHQWUDWLRQRI3U3UHV LQ WKHRYLQH%6(VRXUFHDQGHDFKRI WKHVFUDSLH
VRXUFHV$VVXPLQJWKDW3U3UHVLVDUHOLDEOHLQGLFDWRUIRULQIHFWLYLW\WKHUDWLRVRI
%6(UHODWLYHWRVFUDSLHLQWKHVHULHVRIPL[WXUHVXVHGLQWKLVVWXG\LVDFFXUDWH
ZLWKLQ  ORJV GHSHQGLQJ RQ WKH FODVVLFDO VFUDSLH VRXUFH  :LWK WKH
H[FHSWLRQRIWKH954954FODVVLFDOVFUDSLHVRXUFHWKH3U3UHVFRQFHQWUDWLRQ
LQ WKH %6( VRXUFH ZDV ORZHU FRPSDUHG WR WKH RWKHU VFUDSLH VRXUFHV

3DJHRI
7KHUHIRUH ZLWK WKH H[FHSWLRQ PHQWLRQHG DERYH LQ WKH PL[WXUHV RI VFUDSLH
VRXUFHVZLWK%6(WKHFRQFHQWUDWLRQRI3U3UHVDWWULEXWHGWRVFUDSLHZDVKLJKHU
WKDQ WKDW LQGLFDWHG E\ WKH SHUFHQWDJH UDWLR RI WKH VFUDSLH VRXUFH LQ WKH
PL[WXUH

Discriminatory Western blot  
7KH :% UHVXOWV IRU HDFK VDPSOH ZHUH UHFRUGHG XVLQJ WKH IROORZLQJ FULWHULD
KLJK RU ORZ PROHFXODU PLJUDWLRQ ZLWK WKH FRUH DQWLERG\ 6+D VWURQJ
PHGLXPZHDNRUQHJDWLYHZLWKWKH1WHUPLQDODQWLERG\3DQGDGHVFULSWLRQ
RI HLWKHU FODVVLF  EDQG RU DW\SLFDO SURILOH IRU HDFK DQWLERG\ 8VLQJ WKH
FRPELQDWLRQRIUHVXOWVHDFKVDPSOHZDVDVVLJQHGDFRQFOXGLQJUHVXOWRI%6(








7KH (/,6$ PHWKRG FRXOG FRQVLVWHQWO\ GHWHFW %6( ZKHQ PL[HG ZLWK VFUDSLH
ZKHQLWZDVSUHVHQWDVRIWKHPL[WXUH7DEOH+RZHYHUWKHUHVXOWVYDU\
GHSHQGLQJRQWKHVFUDSLHVWUDLQV%6(ZDVGHWHFWHGZKHQLWZDVSUHVHQWDV
 RI WKH PL[WXUH IRU FODVVLFDO VFUDSLH 954954 DQG $54$54 
FODVVLFDOVFUDSLH$54$54RUDW\SLFDOVFUDSLH:KHQWKHGDWD
DUHXQEOLQGHGDQGWKH(/,6$UHVXOWVJURXSHGE\VFUDSLHW\SH)LJXUHLWFDQ
EH VHHQ WKDW WKLV DSSDUHQW LQDELOLW\ WR GHWHFW %6( LV SDUWO\ GXH WR WKH

3DJHRI
UHVWULFWLRQVRI KDYLQJDQXPHULFDO UHVXOW DQGFXWRIIV7KHUH LVQRTXDOLWDWLYH
GDWDWRDLGLQWHUSUHWDWLRQRIµLQWHUPHGLDWH¶FDVHV

$VXPPDU\RI WKHDELOLW\RI WKHELRFKHPLFDO WHVWV WRGLVFULPLQDWH%6( LQ WKH
SUHVHQFHRIVFUDSLHDWDUDWLRRIWR3DQHOZKHQWKHVDPSOHVDUH
EOLQGHG LV SUHVHQWHG LQ 7DEOH  'LIIHUHQW LVRODWHV UHVXOWHG LQ GLIIHUHQW








%RWK WHVWV :% DQG (/,6$ IDLOHG WR LGHQWLI\ WKH SUHVHQFH RI %6( LQ WKH
GLOXWLRQ VHULHVZKHQ LWV UDWLR LQ WKH PL[WXUH ZLWK 954954 FODVVLFDO VFUDSLH
GURSSHGEHORZ7DEOH7KHUHIRUH WKH LQRFXOXP MXVWEHORZ WKHFXWRII
SRLQW  %6( UDWLR UHODWLYH WR VFUDSLH DQG WKH LQRFXOXP ZLWK WKH ORZHVW
%6(UDWLRUHODWLYHWRVFUDSLH%6(ZHUHVXEMHFWHGWRELRDVVD\V:%DQG
(/,6$DOVR IDLOHG WR LGHQWLI\ WKHSUHVHQFHRI%6( ZKHQ WKH UDWLR RI%6( WR
$54$54FODVVLFDOVFUDSLHZDVEHORZ7DEOH7KHUHIRUH WKH LQRFXOD
ZLWK  DQG  %6( FRQFHQWUDWLRQ UHODWLYH WR VFUDSLH ZHUH VXEMHFWHG WR
ELRDVVD\V
,QWJPLFHWKHVFUDSLHDJHQWVLVRODWHGIURPERWKFODVVLFDOVFUDSLHVRXUFHV








HLWKHU WKH 954954 RU WKH $54$54 FODVVLFDO VFUDSLH VRXUFHV SURGXFHG
LQFXEDWLRQSHULRGVOHVVWKDQGSLWKDWZHUHFRPSDWLEOHZLWKWKRVHSURGXFHG
E\ WKH UHVSHFWLYH VFUDSLH VRXUFHV DORQH )LJXUHV $ DQG $  7KHVH GDWD
LQGLFDWHWKDW WKHFRPSRQHQW LVRODWHG LQWKHPLFHIURPWKH%6(PL[WXUHVZLWK
954954 RU $54$54 FODVVLFDO VFUDSLH RQO\ KDG FODVVLFDO VFUDSLH
SURSHUWLHV7KHYDFXRODWLRQOHVLRQSURILOHVDORQHZHUHQRWFRQFOXVLYHEHFDXVH
WKH954954DQGWKH$54$54FODVVLFDOVFUDSLHDQG%6(SURILOHVZHUHQRW
GLVVLPLODU HQRXJK WR DOORZ XQHTXLYRFDO LQWHUSUHWDWLRQ DOWKRXJK WKH PL[WXUHV
GLG DOLJQ PRUH FORVHO\ ZLWK WKH FODVVLFDO VFUDSLH SURILOHV SURGXFHG E\ WKH
VFUDSLHVRXUFHV)LJXUHV%DQG%
$OOWJPLFHFKDOOHQJHGZLWKWKH954954VRXUFHZHUH76(QHJDWLYHRULQ
WKH FDVH RI WKH $54$54 VRXUFH VKRZHG ORZ DWWDFN UDWHV ZLWK WKH ILUVW
SRVLWLYHDQLPDOLGHQWLILHGGSL)LJXUHV$DQG$,QFRQWUDVWPL[WXUHVRI





OLQH RQO\ WKH %6( FRPSRQHQW ZDV LVRODWHG IURP WKH PL[WXUHV  7KH OHVLRQ










FRQFHQWUDWLRQ LQ WKH PL[WXUH GURSSHG EHORZ  7DEOH  7KHUHIRUH WKH
LQRFXOXPMXVWEHORZWKHFXWRIISRLQW %6(UDWLRUHODWLYHWRVFUDSLHDQG
WKH LQRFXOXP ZLWK  %6( UDWLR UHODWLYH WR VFUDSLH ZHUH VXEMHFWHG WR
ELRDVVD\
)LJXUH $ VKRZV WKDW WJ PLFH FKDOOHQJHG ZLWK HLWKHU RI WKHVH PL[WXUHV
VXFFXPEHGWRGLVHDVHZLWK LQFXEDWLRQSHULRGV WKDWZHUHFRPSDWLEOHZLWK WKH
LQFXEDWLRQSHULRGVSURGXFHGE\ WKHVFUDSLHVRXUFHDORQH LQGLFDWLQJ WKDW WKH
DJHQW LVRODWHG IURP WKH  DQG  %6( PL[WXUHV ZDV WKH VFUDSLH
FRPSRQHQW 7KH OHVLRQ SURILOHV DUH QRW FRQFOXVLYH EHFDXVH WKH $54$54
VFUDSLHDQG%6(SURILOHVDUHLQGLVWLQJXLVKDEOH)LJXUH%
7KH LQFXEDWLRQ SHULRGV RI WJ PLFH FKDOOHQJHG ZLWK WKH  FODVVLFDO
VFUDSLH LVRODWHZHUH UHODWLYHO\VKRUWHU WKDQ WKH LQFXEDWLRQSHULRGVFDXVHGE\
%6(LQ WKLVPRXVH OLQH)LJXUH$7KH LQFXEDWLRQSHULRGVSURGXFHGE\ WKH
DQG%6(PL[WXUHLQWKLVPRXVHOLQHZHUHDOLJQHGZLWKWKHLQFXEDWLRQ
SHULRGVSURGXFHGE\WKH$54$54FODVVLFDOVFUDSLHVRXUFH)LJXUH$










7J PLFH FKDOOHQJHG ZLWK WKH  FODVVLFDO VFUDSLH VRXUFH VKRZHG D
SDWWHUQFKDUDFWHULVHGE\LQWUDQHXURQDODQGILQHSXQFWDWH3U36FGHSRVLWVLQWKH
QHXURSLOZKHQDJJUHJDWHVZHUHSUHVHQW WKH\ZHUHGLVWLQFWZHOOGHPDUFDWHG
DQG RYRLG )LJXUH $  %6( FKDOOHQJHG WJ PLFH DOVR VKRZHG
LQWUDQHXURQDO 3U36F EXW WKH QHXURSLO ZDV SRSXODWHG ZLWK GLIIXVH JUDQXODU
GHSRVLWV FRDOHVFLQJ DJJUHJDWHV DQG SODTXHOLNH IRUPDWLRQV )LJXUH % ,Q
DGGLWLRQ WR WKH ,+& DWWULEXWHV DVVRFLDWHG ZLWK WKH  FODVVLFDO VFUDSLH





$OWKRXJK WKH LQFXEDWLRQ SHULRGV DQG WKH OHVLRQ SURILOHV SDUWLFXODUO\ WKRVH
JHQHUDWHGE\PLFHWKDWZHUHLQRFXODWHGZLWK%6(PL[WXUHVXJJHVWWKDW





%RWK :% DQG (/,6$ IDLOHG WR LGHQWLI\ WKH SUHVHQFH RI %6( LQ WKH GLOXWLRQ
VHULHV ZKHQ LWV FRQFHQWUDWLRQ LQ WKH PL[WXUH GURSSHG EHORZ  7DEOH 
7KHUHIRUH WKH LQRFXOXP ZLWK  %6( FRQFHQWUDWLRQ UHODWLYH WR VFUDSLH ZDV
VXEMHFWHGWRELRDVVD\V
7KHLQFXEDWLRQSHULRGGDWDLQWJLQGLFDWHWKDWWKHDJHQWLVRODWHGIURPWKHVH
PL[WXUHV ZDV FRPSDWLEOH ZLWK WKH DJHQW LVRODWHG IURP WKH DW\SLFDO VFUDSLH

3DJHRI
VRXUFH LQ WJPLFH WKH LQFXEDWLRQSHULRGGDWD LQGLFDWH WKDWDJHQW LVRODWHG
IURPWKHPL[WXUHVZDVFRPSDWLEOHZLWKWKHDJHQWLVRODWHGIURPWKH%6(VRXUFH
)LJXUH$7KHOHVLRQSURILOHVIURPWJ)LJXUH%DQGWJPLFH)LJXUH







SUHVHQW¶ZLWK WKH FRUUHFW H[FHSWLRQRI WKHXQPL[HG VFUDSLH VDPSOHV 7DEOH
7KHDQDO\VLVRI3DQHOJDYHLGHQWLFDOUHVXOWVIRUWKHWRPL[WXUHV







WKH K\SRWKHWLFDO LGHDO IRU WKLV W\SH RI VWXG\ EXW IRU VHYHUDO UHDVRQV VXFK





LQ FRQYHQWLRQDO LQEUHG PRXVH OLQHV >@ 7KHUHIRUH LW LV XQZLVH WR DVVXPH




LQ DQLPDOV RI GLIIHUHQW JHQRW\SHV (TXDOO\ 3U3UHV FRQFHQWUDWLRQ FDQQRW EH
FRQVLGHUHGWREHDFRQVLVWHQWSUR[\IRUWKHOHYHORILQIHFWLYLW\LQDQLVRODWH>@
7KH LQWHUDFWLRQ RI VWUDLQV HLWKHU in vitro RU ZLWKLQ D VLQJOH KRVW LV DOVR YHU\
SRRUO\ XQGHUVWRRG ,I VWUDLQ SURSHUWLHV DUH FRQIHUUHG E\ WHUWLDU\ PROHFXODU
VWUXFWXUH WKHQ PL[LQJ LVRODWHV WRJHWKHU PLJKW DIIHFW WKH DELOLW\ RI D VWUDLQ WR
LQIHFWDKRVWHLWKHU LQDQ LQKLELWRU\RUSRWHQWLDWLQJZD\7KLVPD\DOVRDIIHFW
WHVWVDSSOLHG WRDVDPSOHZLWKERWK LVRODWHV UHSUHVHQWHG+RZHYHU WKHGDWD
IURPWKLVVWXG\GHPRQVWUDWHWKDWWKLVLVQRWWKHFDVHDWOHDVWZLWKWKH%6(DQG
VFUDSLH FRPELQDWLRQV XVHG DOO WHVWV DQG PRGHOV H[FHSW WKH V30&$ FRXOG
FRUUHFWO\ FODVVLI\ ERWK RI WKH VWUDLQV FRQWULEXWLQJ WR HDFK RI WKH PL[WXUHV
LQFOXGLQJ WKH VXFFHVVIXO LVRODWLRQ LQ PLFH RI DOO WKH FRPSRQHQW LVRODWHV RI
HDFK PL[WXUH ZLWK UHWHQWLRQ RI WKH ELRORJLFDO SKHQRW\SHV RI WKH XQPL[HG
FRQWUROV
7KHELRDVVD\GDWDSDUWLFXODUO\ IURP WKHERYLQLVHGPLFHDOVRVXJJHVW WKDW LI
VKHHSDUHH[SRVHG WRERWK%6(DQGVFUDSLH WKH WZRDJHQWVZLOOPRVW OLNHO\
SURSDJDWH DV LQGHSHQGHQW HQWLWLHV DFFRUGLQJ WKH G\QDPLFV RI WLWUH WLPH RI
H[SRVXUHWRHDFKDJHQWDQGRYLQH3U3JHQRW\SH7KHUHIRUHH[SRVXUHWRERWK
DJHQWV LV XQOLNHO\ WR UHVXOW LQ D QRYHO DJHQW ZLWK SUHYLRXVO\ XQGHWHFWHG
ELRFKHPLFDORUELRORJLFDOSURSHUWLHVDOWKRXJKWKLVSRVVLELOLW\VKRXOGDOZD\VEH
FRQVLGHUHG ZKHQ D QHZ RU XQXVXDO LVRODWH LV LGHQWLILHG 8QGHU WKHVH
FLUFXPVWDQFHVH[SRVXUHWRERWKDJHQWVZRXOGJLYHULVHWRDPL[WXUHLQZKLFK
%6( FDQ EH GHWHFWHG ZLWK WKH FXUUHQW ELRFKHPLFDO DQG ELRORJLFDO WHVWV
SURYLGHGWKDWWKHWLWUHRIVFUDSLHLVQRWRYHUZKHOPLQJ7KHGDWDDOVRVKRZWKDW
WKHFKRLFHRIGLDJQRVWLFWHVWDQGZKLFKVFUDSLHVWUDLQLVSUHVHQWERWKGLFWDWH




(/,6$ ZKHUHDV DW WKHRWKHU H[WUHPH %6( PL[HG ZLWK DW\SLFDO VFUDSLHDQG
GHWHFWHGE\:%UHTXLUHGWKHSUHVHQFHRIDERYHVFUDSLHWRPDVN%6(
$GGLWLRQDOXQNQRZQV LI WU\LQJ WRXVHDQ in vivo FKDOOHQJHPRGHO WR UHFUHDWH
SRVVLEOH FRLQIHFWLRQ DUH WKH DJH RI WKH DQLPDO DW FKDOOHQJH WKH RUGHU LQ
ZKLFK WKH FKDOOHQJHV RFFXU DQG SRVVLEO\ WKH OHQJWK RI WLPH EHWZHHQ WKH
FKDOOHQJHV>@
7KHPDLQSXUSRVHRI WKLVVWXG\ZDV WRDWWHPSW WKH LGHQWLILFDWLRQRI WKH%6(
FRPSRQHQW RI WKH PL[WXUH E\ XVLQJ WKH DSSURYHG GLVFULPLQDWRU\ WHVWV (8
UHJXODWLRQ  IROORZHG E\ GLVFULPLQDWRU\ ELRDVVD\ LQ WJ PLFH WR
VHOHFWLYHO\ SURSDJDWH WKH VFUDSLH VWUDLQV DQG WJ PLFH WR VHOHFWLYHO\
SURSDJDWH WKH %6( DJHQW LQ PL[WXUHV LQ ZKLFK WKH LGHQWLILDEOH ELRFKHPLFDO
VLJQDWXUH RI %6( KDV EHHQ ORVW RU REVFXUHG :H FRQFOXGH WKDW WKH






UHSUHVHQWHG MXVW  RI WKH WRWDO 76( LQIHFWLYLW\ ,Q RUGHU WR DFKLHYH WKLV
ELRDVVD\ V\VWHPV VKRXOG LQFOXGH D ERYLQLVHG PRXVH OLQH WKDW IDYRXUV
SURSDJDWLRQ RI %6( RYHU VFUDSLH DQG DQ RYLQLVHG OLQH ZLWK FRPSOHPHQWDU\
SURSHUWLHV LH D OLQH WKDW SUHIHUHQWLDOO\ IDFLOLWDWHV WKHSURSDJDWLRQ RI VFUDSLH




HQDEOHV WKH FRPSUHKHQVLYH SKHQRW\SLF FKDUDFWHULVDWLRQ RI DQ XQNQRZQ
LVRODWH
,W LV SUREDEO\ QRW SRVVLEOH WR VRXUFH µLGHDO¶ PRXVH OLQHV ZLWK WKH DERYH
SURSHUWLHV SDUWLFXODUO\ DV FODVVLFDO VFUDSLH FRQVLVWV RI YDULRXV VWUDLQV ZLWK
ZLGHO\ YDULDEOH SURSHUWLHV +RZHYHU WKH VHOHFWHG PRXVH OLQHV WJ DQG
WJDUHDV FORVHDVSRVVLEOH WR WKDW LGHDO VLWXDWLRQDQG FRXOGEHXVHG LQ
FRPELQDWLRQ WR UHVROYH FRLQIHFWLRQ FDVHV LQ D VXUYHLOODQFH FRQWH[W LI WKH\
DULVH ,Q DGGLWLRQ ,+& PD\ EH XVHIXO WR UHVROYH D VPDOO SURSRUWLRQ RI
ELRDVVD\V LQ ZKLFK WKH UHODWLYH PRXVH OLQH VXVFHSWLELOLW\ LV QRW E\ LWVHOI
FRQFOXVLYH
:LWKLQ WKLV VWXG\ WKH QHZ GLVFULPLQDWRU\ V30&$ DSSURDFK ZDV WKH RQO\ in 
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